(19) 



J 



0 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets (11) EP0811 421A1 

EUROPEAN PATENT APPLICATION 



y^xJJ Male \Jl |JUUIIL^LIUI 1 ' 


{pi} Int. Li. . DU 1 U duiudo/^^, 


10.12.1997 Bulletin 1997/50 


C08G 73/10 


) Application numDer: 97109123.6 




(22) Date of filing: 05.06,1 997 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 


• Ozcayir, YUrdagui F. 


NLPTSE 


Nashua. New Hampshire 03063 (US) 




• Goetz, Gertrud 


(30) Priority: 06.06.1 996 US 656953 


Brooldine, Massachusetts 02146 (US) 


(71) Applicant: 


• Bllcson, Benjamin 


Brooldine, Massachusetts 02146 (US) 


PRAXAIR TECHNOLOGY, INC. 


□anbury, CT 0681 0-51 1 3 (US) 


(74) Representative: 




Schwan, Gerhard, Dipi.-lng. 




Elfenstrasse 32 




81739 MQnchen (DE) 



(54) Novel sulfonated polyimide gas separation membranes 

(57) Novel polyimide gas separation membranes 
and tfie process of using such membranes to separate 
gases are disclosed. The polyimides are formed from 
rigid aromatic dianhydrides and aromatic diamines that 
contain sulfonic acid, salified sulfonic acid, or sulfonic 
ester groups. Methods of preparing improved composite 
gas separation membranes from the sulfonated polyim- 
ides of this invention are disclosed. 



CO 

o 

Q. 
LU 



Pfimea by Xerox (UK) Business Services 
2 15 a/34 




EP0 811 421 A1 



Description 

Field of the Invention 

5 This invention relates to the preparation of sulfonated polyimide polymers and their use as gas and vapor separa- 
tion membranes. 

Description of Prior Art 

10 Polyimides with a rigid chain backbone structure, strong chain-chain interactions, and high glass transition temper- 
atures have been reported to exhibit good gas separation and permeation characteristics in gas separation applica- 
tions. U.S. Patents 4,705,540; 4,717,393; 4,717,394; 5,042.993; and 5,074,891 disclose such aromatic polyimide gas 
separation membranes. Polyimides are generally soluble in aprotic solvents such as N.N-dimethylacetamide and N- 
methyl-pyrrolidone. Some polyimides are further soluble in dichloromethane and m-cresol. Their solubility characteris- 
es tics make polyimides suitable for preparation of asymmetric gas separation membranes but less suitable for preparation 
of composite gas separation membranes, the latter frequently requiring mild, highly volatile, e.g.. low boiling tempera- 
ture solvents. 

A number of modified polyimide polymers have been also disclosed in the art. U.S. Patents 4,705.540 and 
4,717,394 disclose structurally rigid polyimides having alkyi substituents at all positions ortho to amine functions that 
20 form membranes with good gas separation characteristics. U.S. Patent, 5,042,993 discloses surface-modified polyim- 
ide membranes that exhibit high gas separation factors. The preparation of modified polyimides that contain carboxyl 
groups is described in U.S. Patent 5.076,816. 

The preparation of sulfonated polyimides is reported in U.S. Patent 4.574.144. There was no mention therein of the 
utility of these materials as separation membranes. The preparation of sulfonated polyimides from sulfonated diamines 
25 and pyromellitic dianhydride was further reported by I.V. Vasil'eva et al. in Vysokomol. Soyed., A14. No. 1. 143-149 
(1972). The polymers were not soluble in mild solvents such as simple alcohols and were not evaluated for membrane 
applications. In U.S. Patent 5,409,525 a hydrous gel membrane containing a bulky fluorene unit was disclosed for gas 
separation. The gel membrane was particularly useful for separation of CO2/CH4 mixtures. 

Thus there remains a need in the field to prepare polyimides with improved separation/permeation characteristics 
30 and inproved solubility. 

It is an object of this Invention, therefore, to prepare nxxJif led polyimides that have broad solubility characteristics 
including solubility in mild low-boiling temperature solvent systems that are most useful In the preparation of conposite 
membranes. It is another objective of this invention to prepare modified polyimides with improved gas permeation and 
separation characteristics. 

35 The sulfonated polyimides of this invention are particularly useful tor the preparation of asymmetric and composite 
gas separation membranes. For example, these membranes can be utilized in hydrogen recovery from hydrogen-con- 
taining refinery gas streams. CO2 and H2S separations from acid gas containing streams such as natural gas sweeten- 
ing, air separation applications, and gas drying, etc. 

With these and other objects in mind, the invention Is hereinafter described in detail, the novel features thereof 

40 being particularly pointed out in the appended claims. 

Summary of the Invention 

Sulfonated polyimide polymers of this invention exhibit improved solubility characteristics, are good film-forming 
45 materials and exhibit improved gas separation characteristics. The sulfonated polyimides are particularly useful for 
preparation of asymmetric and composite gas separation membranes. 

Detailed Description of the Invention 

50 The present invention relates to the preparation of gas separation membranes from sulfonated polyimides of the 
following general formula: 
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75 where m can range from 0 to 1 .0, preferably from 0.5 to 1 .0, arxJ n can range from 0.01 to 1 .0, preferably from 0. 1 to 0.7. 
Afv Ar2 and Ar3 are essentially completely aromatic radicals and Arg contains sulfonic acid radicals. An aromatic 
radical will be understood to comprise an organic radical containing at least one aromatic ring. The sulfonic acid radical 
is defined as sulfonic add group, -SO3H, salified sulfonic acid group, -SO3M, or sulfonic acid ester group -S020R2. M 
is an organic base, a primary, secondary, tertiary, quaternary ammonium ion, an alkali ion such as K*. Na* or Li*. pref- 

20 erably Li"^. alkaline earth or transitional metal ion. is an alkyi radical with less than 6 cait>on atoms, preferably methyl 
or ethyl, or an aryl radical. 

In the preferred embodiments. Ar^ is an aromatic dianhydride radical represented by the following structures: 
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R3 is an aliphatic radical preferably CH3 or C2H5; t equals 1 to 6. In some embodiments Ar^ can be a mixture ot 
these radicals. 

f^2 is ^ sulfonated diamine moiety having the following formulae: 
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30 where Ri is hydrogen, SO3H. SO3M or SO2OR2 group wherein at least one in the Arg aromatic diamine moiety is 
SO3H, SO3M or SO2OR2. R2. M and Z are as specified previously. Q is one of hydrogen. CH3 or C2H5. In some embod- 
iments Afg can be a mixture of these radicals. 

Ar3 is an aromatic diamine moiety having the following formulae: 



35 



45 



50 



55 



5 




EP0 811 421 A1 



5 



10 



15 



20 



25 



30 



35 




40 

y can be independently hydrogen, CH3, -C{CH3)3. -OCH3. -CF3, -F, -Ci, -Br, or I, and z and R3 are as specified previ- 
ously. In some embodiments, Ar^ can be a mixture of these radicals. 

The sulfonated polyimldes of this invention can be synthesized by methods well known in the art. The preferred 

45 method involves condensation polymerization of dianhydrides with diamines wherein one of the monomeric units con- 
tains sulfonic acid, sulfonic acid salt, or sulfonic acid ester group, preferably sulfonic acid salt or sulfonic acid ester 
group, most preferably lithium salt form. 

Polyimides are generally prepared in a two-step process in which a dianhydride and a diamine are first reacted to 
prepare a polyamic acid that is subsequently converted to a polyimide in a second step. A wide variety of dianhydrides 

50 and diamines can be reacted to prepare polyimides that are suitable for use in the present invention. The suitable sol- 
vents that can be used for the reaction of a dianhydride with a diamine are disclosed in US. Patent 3,179,634. Prefer- 
ably the solvents are dimethylacetamide. N-methyl pyrrdidone, dimethylformamide or dimethylsutfoxide. The most 
preferred solvent is dimethyl sulfoxide. After a polyamic acid is prepared by the reaction of a diamine and a dianhydride, 
the polyamic acid is converted to a polyimide using thermal or chemical conversion processes. In the case of soluble 

55 polyimides, the polyamic acid is preferably chemically converted into a polyimide enploying acetic anhydride in the 
presence of triethylamine as a catalyst. The resulting polyimide can be precipitated by a suitable solvent, recovered and 
dried. The sulfonated polyimides of this invention can be prepared following the above described methods from dianhy- 
dride and diamine monomers that contain sulfonic add, sulfonic acid salt or sulfonic acid ester groups. The use of 
diamine monomers with sulfonic acid radicals is particularly preferred. Copolyimldes containing sulfonic acid radicals 
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can be prepared by corxlensation polymerization of rigid aromatic dianhydrides and a mixture of sulfonated and unsul- 
fonated diamines. In one embodiment of this invention, the sulfonic acid nroiety is selected from 4,4'-diaminostilbene- 
2,2'-disulfonic acid; 4.4'-diaminobipheno!-2,2'-disulfonic acid; 4,4'-diamino-3,3'-dimethylbiphenyl-6.6'-disulfonic acid; 
2.4-diaminoben2ene sulfonic acid or their respective salt forms or mixtures thereof, and the unsulfonated diamine is 

5 selected from 2,4,6-trimethyl-1.3-phenylenediamine; 2.6-diaminotoluene: 3.3'-diaminodiphenyl sulfone; 1.5-diamlno 
naphthalene; 2.2-bis(4-aminophenyl) hexafluoropropane; o-tolidine sulfone or mixtures thereof and the dianhydride is 
2.2-(3.4-dicarboxyphenyl) hexafluoropropane dianhydride. In one preferred embodiment of this invention, 2.2-bis(3.4- 
dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) is reacted with two aromatic diamines: 
4,4'-diaminostilbene-2.2'-disulfonic acid lithium salt, and 1,5-dlaminonaphthalene. 

10 In another preferred embodiment of this invention, 2,2-bis(3,4-dicartK>xyphenyl) hexafluoropropane dianhydride 
(6FDA) is reacted with three diamines: the lithium salt of 4.4'-diaminostilbene-2,2'-disulfonic acid, o-tolidlne sulfone 
(TSN) and 3,3'-diaminodiphenyl sulfone. 

The solubility characteristics and the gas permeation/separation characteristics of the sulfonated polyimldes of this 
invention can be controlled by selecting the appropriate monomers arxi their combination. The solubility characteristics 

15 of sulfonated polyimldes depend on the concentration of the sulfonic acid groups and the nature of the counter ion. The 
concentration of sulfonic acid groups as measured by ion exchange capacity, lEC, can vary from as low as 0.1 meq/g 
to above 3 meq/g. The preferred range is from 0.5 to 3 meq/g of dry resin in H* fam. The preferred counter Ions are 
monovalent metal ions and organic monofunctional amines. The most preferred counter ion is lithium. The presence of 
sulfonic acid groups in high concentrations renders polyimldes of this invention soluble in solvent systems such as 

20 ketones, oxyalcohols, and aliphatic alcohols, their mixtures, and their mixtures with water. 

The gas permeability coefficients of polyimldes frequently increase with the use of structurally rigid dianydrides and 
ring substituted diamines. The presence of rigid links and rotation hindering groups can increase gas permeability coef- 
ficients and gas separation factors. Introduction of sulfonic acid radicals into the polyimide structure provides bulky rota- 
tion hindering side groups and also renders the polymers more solut>le. However, high concentrations of sulfonic acid 

25 groups in the polyimide backbone can decrease the gas permeability coefficient of some fast gases but can lead to an 
increase in the gas separation factor(s}. 

The gas permeability coefficients and gas separation factors of polyimldes prepared according to the teachings of 
this invention were determined using flat-sheet films. The films were prepared by solution casting of polymers dissolved 
in methanol or dimethylformamide on a glass plate followed by air drying. The air-dried films were stripped from the 

30 glass plate and dried in a vacuum oven at 80 to 120C for several days. The dried films that were 1 to 3 mils thick were 
sandwiched between two aluminum foils exposing a 2.54 cm diameter area, placed in a permeation cell and sealed with 
epoxy resin. The downstream side of the cell was evacuated up to about 2x10'^ mm Hg and the permeate feed gas 
was introduced from the upstream side. The pressure of the permeate gas on the downstream side was measured 
using an MKS-Barathon pressure transducer. The permeability coefficient P was calculated from the steady-state gas 

35 permeation rate according to the equation: 

P = CxVxLx dp/dt X 1/h 



c 


= constant 


40 V 


= volume of collection receiver 


L 


= thickness of film 


h 


= upstream pressure 


dp/dt 


= slope of steady-state line 



45 The permeability coefficient P is reported in Ban-er units (1 Barrer = 10'"'° x cm^ cm/cm^ cmHg sec). To determine 
the intrinsic viscosity, the reduced and inherent viscosities were measured at three different concentrations (0.40. 0.27 
and 0.20 g/dl). The measurements were carried out in Ut)belohde-type viscometers at 25°C. The intrinsic viscosity of 
the sulfonated samples was measured in 0.05N lithium perchlorate dimethylformamide solvent mixture. The reduced 
viscosity was measured at 0.2 g/dl concentration in 0.05 N IJCO4 in DMF solution. 

50 The sulfonated polyimkle polymers of this invention are preferably formed into composite gas separation mem- 
branes. U.S. Patents 4,602,922; 4,826,599; and 4,840,819 discuss such composite membranes and the process for 
their manutecture. The membranes of this invention are particularly suitable for preparation of composite gas separa- 
tion membranes because the latter frequently require mild, highly volatile, e.g., low boiling temperature solvents. The 
preferred solvents for preparation of conposite membranes are ethyl acetate, acetone, ethylene glycol monomethyl 

55 ether, alcohols or mixtures thereof. 

The invention will now be further illustrated by way of the following examples, which are considered to be illustrative 
only and nonlimiting. 
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Exampig 1 

Preparation of a polyimide from 2,2-bis(3,4-dicarboxypfienyl) hexafluoropropane dianhydride (6FDA) and 4,4'- 
diaminostilbene-2,2'-disulfonic add lithium salt is as follows: 12.9 gms (0.0338 moles) of 4.4'-diaminostilbene-2,2'-disul- 

5 fonic acid lithium salt were dissolved in 87 ml of dimethylsulfoxide (dried over and distilled from sodium hydroxide pellets 
under reduced pressure and stored over 4A molecular sieves prior to use) at room temperature under dry argon atmos- 
phere. The solution was cooled to 20°C and 15.3 gms (0.0338 moles) of 6FDA were added in 3 gms portions over a 
period of about half an hour. During the addition the reaction mixture was stirred and the terrperature was kept around 
20*'C. After the addition of 6FDA was completed, a very viscous solution was obtained. 200 ml of DMSO were added to 

10 reduce the viscosity. The solution was cooled to 20'*C and 30 ml of freshly distilled acetic anhydride were added drop- 
wise followed by the addition of 4.9 ml of freshly distilled triethylamine. The solution was stirred for 28 hours at room 
temperature and 100 ml of acetone were added with vigorous stirring to precipitate the product. The precipitated poly- 
mer was filtered and washed with acetone. The polymer was first dried at room temperature followed by drying at 1 70'*C 
in a vacuum oven to constant weight. The intrinsic viscosity of thus prepared polyimide was 1.10 dl/g. 

15 

Example 2 

The preparation of a polyimide from 2,2-bis(3,4-dicarboxypheny!) hexafluoropropane dianhydride (6FDA) and 4,4'- 
diaminobipheny!-2.2'-disulfonic acid lithium salt is in general accordance with the procedure outlined in Example 1 . The 
20 polyimide was prepared using the following materials: 1 2.0 gm (0.0338 mole) 4,4'-diaminobiphenyl-2.2'-disulfonic acid 
lithium salt; 15.3 gm (0.0338 mole) 6FDA: 87 ml dimethylsulfoxide (processed as explained in Example 1). Intrinsic vis- 
cosity of this polyimide was 0.63 dl/g. 

Example 3 

25 

Preparation of a copolyimide from 2,2-bis(3.4-dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) and a mix- 
ture of 4,4'-diaminostilbene-2,2'-disulfonic add lithium salt and 2,4,6-trimethyl 1,3-phenylene-diamine (50/50 ratio) is as 
follows: 6.46 gms (0.0169 moles) of 4,4'-diaminostilbene-2,2'-disulfonic acid lithium salt and 2.54 gms (0.0169 moles) 
of 2,4,6-trimethyl 1,3-phenylenediamine were dissolved in 160 ml of dimethylsulfoxide (processed as described in 

30 Example 1). The solution was cooled to 20''C and 15.3 gms (0.0338 moles) of 6FDA were added in 3 gms portions over 
a period of about half an hour. During addition the reaction mixture was agitated and the temperature was kept around 
20°C. After the addition was completed, the solution was stirred for two days at room temperature. 30 ml of freshly dis- 
tilled acetic anhydride were added dropwise to the reaction mixture followed by the addition of 4.9 ml of freshly distilled 
triethylamine. The solution was stirred for 28 hours at room temperature and the polymer was precipitated into tolu- 

35 ene/methylethylketone (5/1) mixture. The polymer was recovered and redissolved in methanol. The final product was 
recovered by rotary evaporation. The intrinsic viscosity of this copolyimide was 0.36 dl/g. 

Example 4 

40 The preparation of a copolyimide from 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) and a 
mixture of 4.4'-dtaminostilbene-2,2'-disultonic acid lithium salt and 2.6-diaminotoluene (50/50 ratio) is in general accord- 
ance with the procedure outlined in Example 3. The copolyimide was prepared using the following materials: 6.46 gms 
(0.0169 moles) of 4.4'-diaminostilbene-2,2'-disulfonic add lithium salt; 2.06 gms (0.0169 moles) of 2,6-diaminotoluene; 
15.3 gms (0.0338 moles) of 6FDA; 160 ml dimethylsulfoxide. The intrinsic viscosity of this polyimide was 0.48 dl/g. 

45 

Example 5 

The preparation of a copolyimide from 2,2-bis(3.4-dicart)0xyphenyl) hexafluoropropane dianhydride (6FDA) and a 
mixture of 4,4*-diaminobiphenyl-2,2'-disulfonic acid lithium salt and 2,4,6-trimethyl-1,3-phenylenediamine (50/50 ratio) 
50 is in genera! accordance with the procedure outlined in Exanple 3. The copolyimide was prepared using the following 
materials: 6.02 gms (0.0169 moles) of 4,4'-diaminobiphenyl 2,2'-disulfonic acid lithium salt; 2.54 gms (0.0169 moles) of 
2,4.6-trimethyl-1 ,3-phenylenediamine; 15.3 gms (0.0338 moles) of 6FDA; 95 ml dimethylsulfoxide. The intrinsic viscos- 
ity of this copolyimide was 0.38 dl/g. 

55 Example 6 : 

The copolyimide was prepared from 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) and a 
mixture of three diamines: 3,3'-diaminodiphenylsulfone (DDS); 1,5 diamlnonaphthalene; and 4,4'-diaminostilbene-2,2'- 
disulfonic acid lithium salt (mole ratio 30:50:20). 12.23 gms (0.032 nx)les) of 4,4'-diaminostiIbene-2,2'-disulfonic acid 
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lithium salt; 12.66 (0.08 moles) of 1 ,5-diaminonaphthalene, and 11.92 gms. (0.048 moles) of 3,3' diaminodiphenyl sul- 
fone were dissolved in 262 ml of anhydrous dimethylsulfoxide in a reaction flask equipped with a mechanical stirrer, 
thermometer, and a nitrogen inlet and outlet. After the diamines were dissolved in the solvent, 71.08 gms (0.16 moles) 
of 6FDA were added to the diamine mixture over a period of 30 minutes under N2. Tlie temperature of the mixture was 

5 maintained below 30"C. 200 ml. of dimethylsulfoxide were then added in order to decrease the viscosity of the solution, 
and the reaction mixture was stirred for 24 hours at ambient temperature. After the polymerization was completed, 142 
ml of freshly distilled acetic anhydride were added to the above mixture dropwise followed by 23 ml of freshly distilled 
triethylamine. The reaction mixture was stinted for 24 hours at ambient temperature before the polyimide was precipi- 
tated by the addition of methanol. The polymer was filtered and dried in a vacuum oven at room temperature for 1 day. 

10 at 80'*C for 3 days and finally at 120*0 for two more days. The thus prepared copolyimide had a reduced viscosity of 
0.33 dl/g. 

Example 7 : 

15 The copolyimide was prepared from 2,2-bis(3.4-dicartx)xyphenyl) hexafluoropropane dianhydride (6FDA) and a 
mixture of three diamines: 3.3'-diaminophenyl sulfone (DDS); 1,5-diaminonaphthalene; and 4,4*-diaminobipheny1-2,2'- 
drsulfonic add (mole ratio 30:50:20). 

The copolyimide was prepared in general accordance with the procedure outlined in example 6 using the following 
materials: 71.08 gms (0.16 moles) of 6FDA; 12.66 gms (0.08 moles) of 1,5-diaminonaphthalene; 11.92 gms (0.048 

20 moles) of 3,3'-diaminodiphenyl sulfone; and 1 1.40 gms (0.032 moles) of 4,4*-diamlnobiphenyl-2,2'-disulfonic acid lith- 
ium salt. The thus prepared copolyimide had a reduced viscosity of 0.67 dl/g. 

E xa m p le 8; 

25 The copolyimide was prepared from 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) and a 
mixture of three diamines: 1,5-diaminonaphthalene; 2,4.6-trimethyl-1,3-phenylenediamine; and 4,4'-diaminobiphenyI- 
2.2'-disulfonic add (mole ratio 20:60:20). 

The copolyimide was prepared in general accordance with the procedure outlined in example 6 using the following 
materials: 71.08 gms (0.16 moles) of 6FDA; 5.06 gms (0.032 moles) of 1,5-diaminonaphthalene; 14.42 gms (0.096 

30 moles) 2,4,6-trimethylphenylenediamine; and 1 1 .40 gms (0.032 moles) of 4,4'-diaminobiphenyl-2.2'-disulfonic acid lith- 
ium salt. The thus prepared copolyimide had a reduced viscosity of 0.25 dl/g. 

Example 9 : 

35 The copolyimide was prepared from 2,2-bis(3,4-dicart>oxyphenyl) hexafluoropropane dianhydride (6FDA) and a 
mixture of two diamines: 2,2-bis(4-aminophenyl)hexafluoropropane: and 4,4'-diaminobiphenyl-2,2'-disulfonic acid 
(mole ratio 95:5). 

The copolyimide was prepared in general accordance with the procedure outlined in example 6 using the following 
materials: 22.9 gms (0.0516 moles) of 6FDA; 16.42 gms (0.049 nrrales) of 2,2-bls(4-aminophenyl)hexafluoropropane 
40 and 0.91 9 gms (0.0026) moles of 4,4'-diaminobiphenyl-2,2'-disulfonic acid lithium salt. The thus prepared copolyimide 
had a reduced viscosity of 0.42 dl/g. 

Examole 10 : 

45 The copolyimide was prepared from 2.2-bis{3.4-dicart)oxyphenyI) hexafluoropropane dianhydride (6FDA) and a 
mixture of three diamines: 3,3'-diaminodiphenyl sulfone; o-tolidine sulfone; and 4.4'-diaminobiphenyl-2,2'-disuIfonic 
acid (mole ratio 50:30:20). 

The copolyimide was prepared in general accordance with the procedure outlined in exanrple 6 using the following 
materials: 71.08 gms (0.16 moles) of 6FDA; 19.86 gms (0.08 moles) 3,3'-diaminodiphenyt sulfone: 13.7 gms (0.048 
50 moles) O-tolidine sulfone; and 11.40 gms (0.032 moles) of 4,4'-diaminobiphenyl-2,2'-disulfbnic acid lithium salt. The 
thus prepared copolyimide had a reduced viscosity of 0.36 dl/g. 

The gas permeability coefficients and gas separation factors of the sulfonated polyimides of the irrvention, as pre- 
pared in examples 1 through 10, are summarized in Table 1. 

55 
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TABLE 1 



10 



Polymer 
Example 
No. 


iv0)or 
(d/g) 


IEC(^J 


Permeability Coefficient^'^J 


Separation Factor 








PHe 


PO2 


PN2 


PCH4 


PCO2 


O2/N2 




CO2/CH4 


1 




2.53 


4.16 


0.06 


0.01 


' 


" 


11 


830 


■ 


2 


0.63f^) 


2.62 


6.07 


0.11 


0.01 






8.4 


480 




3 


0.36(1) 


1.48 


42.8 


2.66 


0.41 


0.16 


11.4 


6.4 


103 


70 


4 


0.48(1) 


1.51 


25.6 


1.04 


0.15 


0.05 


4.63 


7.1 


176 


96 


5 


0.38(1) 


1.54 


56.1 


4.2 


0.75 


0.28 


18.8 


5.6 


75 


66 


6 


0.33('*) 


0.63 


39 


2.15 


0.3 


0.11 


8.78 


7.1 


128 


81 


7 


0.67(^) 


0.63 


37 


2.3 


0.34 


0.14 


9.39 


6.8 


110 


65 


8 


0.25(*) 


0.66 


146 


21.9 


4.53 


2.58 


95.5 


4.8 


32 


37 


9 


0.42(^ 


0.13 


90.5 


10.7 


2.22 


1.06 


46.4 


4.8 


41 


44 


10 


o.sec*) 


0.62 


32.4 


1.57 


0.22 


0.09 


6.52 


7 


145 


74 



(1 ) Intrinsic viscosity dl/g. measured in 0.05 N LiCL04 in DMF solution at 25''C. 

(2) lEC, ion exchange capacity, meq/gram of dry poPymer. 

(3) In Barrer units, measured at SCC. 

(4) Reduced viscosity measured in 0.2 g/dl concentration in 0.05 N LrC04 in DMF solution at 25°C. 

(5) Reduced viscosity measured in 0.2 g/dl concentration in CHgClg 



30 

Claims 

1 . A process for separating one or more gases from a mixture of gases comprising the steps of bringing said gaseous 
35 mixture into contact with a first side of a gas separation membrane such that a portion of said gas mixture perme- 
ates to a second side of said membrane and a portion of said gas mixture is collected as a nonpermeate, the result- 
ing gas mixture on said second side of said membrane being enriched in one or more components over that of the 
mixture on the first side of said membrane, wherein said gas separation membrane is formed from a sulfonated 
polyimide comprising repeating units of the formula: 

40 



45 



so 



/ \y 



0 



Ar 



n 



m 



"If ? 
/\/\ 



0 



1-n 



1-m 



55 wherein; 
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or mixtures thereof; 

- Ar3- is an aromatic diamine moiety selected from the group consisting of: 




or mixtures thereof; 



Ri is hydrogen, SO3H, SO3M or SO2OR2. wherein at least one Ri in the Ats aromatic diamine moiety is SO3H, 
SO3M or SO2OR2; 

R2 is an alkyi radical with less than 6 cartxjn atoms; 

M is an organic base, ammonium ion, alkali ion, alkali-earth metal ion, or transitional metal ion; 
Q is one of hydrogen, CH3 or C2H5. 

Y is selected from the group consisting of hydrogen, -CH3. -C{CH3)3, -CF3 -F. -Ci, -Br, or I; 
Z is selected from the group consisting of: 



12 




30 

R3 is an aliphatic radical; 
t equals 1 to 6; 

n is a fraction from 0.01 to 1 and 
m is a fraction from 0 to 1 .0. 

35 

2. The process of claim 1 wherein Arg is selected from the group consisting of: 4.4'-diaminostilbene-2.2'-disulfonic 
acid, 4,4'-diaminobiphenyl-2,2'-disulfonic acid, 4,4'-diam(no-3,3'-dimethyIbiphenyl-6,6'-disulfonic acid, 2,4-diami- 
nobenzene sulfonic acid, their respective salt forms or mixtures thereof. 

40 3. The process of claim 2 wherein Arg is selected from the group consisting of 2.4,6-trimethyl-1 ,3-phenylenediamtne, 
2,6-diaminotoIuene, 3,3'-diaminodiphenyl sulfone, 1.5-diaminonaphthalene, 2,2-bis(4-aminophenyl) hexafluoropro- 
pane, o-tolidine sulfone, or mixtures thereof. 

4. The process of claim 1 wherein n is a fraction from 0.1 to 0.7 and m is a fraction from 0.5 to 1 .0. 

45 

5. The process of claim 4 wherein Ar^ is 2,2-(3,4-dicarboxyphenyl) hexaf luoropropane dtanhydride. 

6. The process of claim 5 wherein Ar2 is 4.4'-diaminostilbene-2.2'-disulfonic acid lithium salt and Ars is 1 ,5-diaminon- 
aphthalene. 

50 

7. The process of claim 1, wherein R2 is selected from the group consisting of methyl, ethyl, or an aryi radical, and 
wherein R3 is either CH3 or C2H5. 

8. The process of claim 1 wherein said membrane is a composite gas separation membrane. 

55 

9. The process of claim 1 wherein M is a lithium ion. 

10. A sulfonated polyimide comprising repeating units of the formula 
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or mixtures thereof; 

- Ar2- is an aromatic sulfonated diamine moiety selected from the group consisting of: 
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10 




20 ^1 

or mixtures thereof; 

25 - Ats" is an aromatic diamine moiety selected from the group consisting of: 

30 
35 
40 
45 
SO 
55 
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or mixtures thereof; 

45 

Ri is hydrogen, SO3H. SO3M or SO2OR2, wherein at least one Ri in the Ar2 aronfiatic diamine moiety is SO3H. 
SO3M or SO2OR2; 

R2 is an alkyt radical with less than 6 cartwn atoms; 

M is an organic base, ammonium ion, alkali ion, alkali-earth metal ion. or transitional metal ion; 
50 Q is one of hydrogen, CH3 or C2H5. 

Y is selected from the group consisting of hydrogen, -CH3, -C(CH3)3, -CF3 -F, -Ci, -Br, or I; 
Z is selected from the group consisting of: 
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Ri Ri Ri Ri 



25 

R3 is an aliphatic radical; 
t equals 1 to 6; 

n is a fraction from 0.01 to 1 and 
m is a fraction from 0 to 1 .0. 

30 

35 

40 
45 

50 
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